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57 ABSTRACT 

In a method of simulating flow behavior of a resin in a 
process for press-molding the resin by use of a press 
molding machine comprising a press apparatus equipped 
with a hydraulic circuit, and first and second molds at least 
one of which is connected to the press apparatus, disclosed 
is a method comprising a step of determining, from a 
characteristic of the hydraulic circuit, an elastic coefficient 
of the press apparatus, and an apparent elastic coefficient of 
the resin, a true compression rate imparted to the resin by the 
press apparatus, and a step of sequentially analyzing, based 
on the true compression rate, flow behavior of the resin. 

9 Claims, 9 Drawing Sheets 
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1. 

METHOD OF SIMULATING RESN 
BEHAVOR IN PRESS MOLDING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of simulating 
resin behavior in press molding (e.g., transfer molding or 
injection press molding, the latter of which refers to com 
posite molding of injection molding and press molding (or 
compression molding)) and, in particular, to a method of 
simulating flow behavior, which analyzes a shaping process 
exemplified by extension of a flowable resin such as 
polypropylene resin within molds during press molding 
(injection press molding in particular) of the resin. 

2. Related Background Art 
In press molding for product quality of molded resin 

articles, it is of an important factor to design a mold 
configuration in which flow behavior of resin or the like is 
optimized. A mold configuration for press molding has been 
conventionally determined as trial and error are repeated on 
the basis of the rule of thumb of an expert. 

Together with recent advance in computer technology, on 
the other hand, it has become possible to analyze flow 
behavior of a flowable resin by computer simulation when 
such a resin is molded by press molding. In order to study 
the mold design or molding condition for resin molding, it 
has been made practicable to perform flow analysis of a resin 
and then investigate how to optimize the mold design or 
molding condition. Here, a numerical analysis method such 
as finite element method, boundary element method, or 
difference calculus is applied to a model of resin flow path 
form within the molds, thereby determining the flow pattern 
of the flowable resin, pressure distribution, temperature 
distribution, shearing stress distribution, or the like within 
the molds as a function of time. 
Such a simulation method of resin behavior in press 

molding is disclosed, for example, in A. I. Isayev, ed., 
Injection and Compression Molding Fundamentals, (Marcel 
Dekker Inc., 1987), pp.481-565. 

SUMMARY OF THE INVENTION 

The inventors have found the following problem in the 
above-mentioned conventional methods. In the conventional 
methods of simulating resin behavior in press molding, the 
flow behavior of resin is analyzed assuming that the com 
pression rate or compressive force imparted to the resin is 
constant or conforms to a pattern set beforehand. At the time 
of actual press molding, however, compression of hydraulic 
oil, deflection in the press apparatus, or the like occurs. 
Accordingly, the resin is subjected to a compression rate 
which does not coincide with the compression rate theoreti 
cally calculated from its hydraulic circuit characteristic, 
thereby yielding an error in analysis of flow behavior of the 
S. 

In view of the foregoing circumstances, it is an object of 
the present invention to provide a simulation method in 
press molding (injection press molding in particular) which 
can perform flow analysis of resins more accurately. 
The simulation method of the present invention is a 

method of simulating flow behavior of a resin in a process 
for press-molding the resin by use of a press-molding 
machine comprising a press apparatus equipped with a 
hydraulic circuit, and first and second molds at least one of 
which is connected to the press apparatus, wherein the 
method comprises a step of determining, from a character 
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2 
istic of the hydraulic circuit, an elastic coefficient of the 
press apparatus, and an apparent elastic coefficient of the 
resin, a true compression rate imparted to the resin by the 
press apparatus. It may further comprise a step of analyzing, 
based on the true compression rate, flow behavior of the 
S. 

In the method of the present invention, wherein the true 
compression rate imparted to the resin by the press apparatus 
may be determined from a theoretical compression rate 
determined from a characteristic of the hydraulic circuit 
assuming that at least the press apparatus is a rigid body, an 
elastic coefficient of the press apparatus and an apparent 
elastic coefficient of the resin, according to the following 
expression (1): 

KoK 
dF=-- dist Kid 

wherein dR is amount of change in compressive force, Ko is 
elastic coefficient of the press apparatus, K is apparent 
elastic coefficient of the resin, dX is theoretical amount of 
change in compression distance and dx, is true amount of 
change in compression distance, and the following expres 
sion (2): 

(1) 

Ust o U (2) 
K. K. 

wherein Kois elastic coefficient of the press apparatus, K is 
apparent elastic coefficient of the resin, U is theoretical 
compression rate and U is true compression rate. 

Preferably, in the simulation method of the present 
invention, the step of determining the true compression rate 
comprises: 

a step (a) of determining an elastic coefficient of the press 
apparatus; 

a step (b) of determining, from the characteristic of the 
hydraulic circuit, a theoretical compression rate in a 
first unit period and assuming this theoretical compres 
sion rate to be a true compression rate in the first unit 
period; 

a step (c) of determining an amount of change in com 
pressive force and a true amount of change in com 
pression distance in the first unit period assuming that 
the true compression rate is constant, 

a step (d) of determining, from the characteristic of the 
hydraulic circuit, a theoretical compression rate in a 
second unit period subsequent to the first unit period; 

a step (e) of determining, from the amount of change in 
compressive force and the true amount of change in 
compression distance, an apparent elastic coefficient of 
the resin and assuming this apparent elastic coefficient 
of the resin to be an apparent elastic coefficient of the 
resin in the second unit period; and 

a step (f) of determining, from the elastic coefficient of the 
press apparatus, the apparent elastic coefficient of the 
resin in the second unit period, and the theoretical 
compression rate in the second unit period, a true 
compression rate in the second unit period. In this case, 
the simulation method of the present invention may 
further comprise a step (g) of analyzing, based on the 
true compression rate, flow behavior of the resin in the 
above-mentioned unit periods. 

Preferably, the simulation method of the present invention 
further comprises a step (h) of judging whether the true 
compression rate determined in the step (f) is more than Zero 
or not. When the true compression rate is judged to be more 
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than zero at the step (h), the above-mentioned steps (c) to (f) 
(or steps (c) to (g) in the case where the step (g) is included 
therein) are preferably repeated so as to successively deter 
mine true compression rates in unit periods subsequent to 
the second unit period. Further, in the case where the step (g) 
is included therein, the flow behavior can be successively 
analyzed on the basis of thus determined true compression 
rates. 

In the step (e), the apparent elastic coefficient of the resin 
in the first unit period may be determined from the amount 
of change in compressive force and true amount of change 
in compression distance, and then an apparent elastic coef 
ficient of the resin in the second unit period may be assumed 
on the basis of the apparent elastic coefficient of the resin in 
the first unit period and an apparent elastic coefficient of the 
resin in a previous unit period. 

Preferably, in the simulation method of the present 
invention, the apparent elastic coefficient of the resin is 
determined in the above-mentioned step (e) according to the 
following expression (1): 

(1) 
dF = - dx= Kid 

wherein dif is amount of change in compressive force, Ko is 
elastic coefficient of the press apparatus, K is apparent 
elastic coefficient of the resin, dX is theoretical amount of 
change in compression distance, and dX is true amount of 
change in compression distance; and the true compression 
rate is determined in the above-mentioned step (f) according 
to the following expression (2): 

U = Ko U (2) 
1 - K. K. 

wherein Ko is elastic coefficient of the press apparatus, K is 
apparent elastic coefficient of the resin, U is theoretical 
compression rate, and U is true compression rate, 

Further, when the molds have flat cavity faces in parallel 
to each other, in the above-mentioned step (c), the amount of 
change in compressive force can be determined according to 
the following expression (3): 

F (3) 

wherein Fis compressive force, R is radius of the resin, is 
viscosity of the resin, h is % of distance between the molds, 
and -h is % of compression rate; and the true amount of 
change in compression distance can be determined accord 
ing to the following expression (4): 

d=Uxdt (4) 

wherein dX is true amount of change in compression 
distance, U is true compression rate, and dt is unit period. 

In accordance with the simulation method of the present 
invention, based on a spring model which will be explained 
later, the true compression rate in a press-molding process 
can be determined with a considerable accuracy as being 
computed from the hydraulic circuit characteristic, the elas 
tic coefficient of the press apparatus, and the apparent elastic 
coefficient of the resin. As the flow behavior of the resin is 
sequentially analyzed on the basis of the accurate compres 
sion rate (true compression rate) imparted to the resin, 
results of simulation concerning the flow behavior of the 
resin can be obtained with a higher accuracy. 

Here, the press molding in accordance with the present 
invention encompasses not only the press molding in the 
narrow sense such as transfer molding but also so-called 
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4 
injection press molding. The injection press molding refers 
to a method in which a molten resin (flowable resin) is 
supplied to between molds in an unclosed state and then the 
molds are closed so as to press and shape (mold) the resin, 
i.e., a method combining the injection molding and the press 
molding or compression molding in the narrow sense 
together, as will be explained later in detail. 
The present invention will become more fully understood 

from the detailed description given hereinbelow and the 
accompanying drawings which are given by way of illus 
tration only, and thus are not to be considered as limiting the 
present invention. 

Further scope of applicability of the present invention will 
become apparent from the detailed description given here 
inafter. However, it should be understood that the detailed 
description and specific examples, while indicating pre 
ferred embodiments of the invention, are given by way of 
illustration only, since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view for explaining the principle of 
the simulation method in accordance with the present inven 
tion; 

FIG. 2 is a graph showing an example of relationship 
between elastic coefficient (spring constant Ko) of a press 
apparatus and apparent elastic coefficient (spring constant 
K) of a resin; 

FIG. 3 is a schematic cross-sectional view showing an 
injection press molding machine which is subjected to an 
embodiment of the simulation method in accordance with 
the present invention; 

FIG. 4 is a graph showing an example of changes in 
compression rate and compressive force with respect to time 
in a press-molding process; 

FIG. 5 is a flow chart showing various steps in an 
embodiment of the simulation method in accordance with 
the present invention; 

FIG. 6 is a graph showing a relationship between simu 
lation results (compression rate and compressive force) and 
actually measured data in an embodiment of the present 
invention; 

FIGS. 7A to 7C are schematic cross-sectional views 
respectively showing states in various steps of injection 
press molding; 

FIG. 7D is a schematic cross-sectional view showing an 
example of a molded article obtained by the injection press 
molding; 

FIG. 8 is a flow chart showing various steps in a com 
parative simulation method other than the method of the 
present invention; and 

FIG. 9 is a graph showing a relationship between simu 
lation results (compression rate and compressive force) and 
actually measured data in the comparative simulation 
method shown in FIG. 8. 

DESCRIPTION OF THE PREFERRED 
EMBODMENTS 

In the following, the present invention will be explained 
in detail with reference to drawings. Here, in the drawings, 
parts identical or equivalent to each other will be referred to 
with marks identical to each other. 

First, the principle of the simulation method in accor 
dance with the present invention will be explained 
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FIG. 1 is a diagram showing the principle (spring model) 
by which a compression rate imparted to the resin is com 
puted by calculation in the present invention. 
A true compression rate is determined on the basis of a 

model in which a spring (spring constant Ko) corresponding 
to the elastic coefficient of the apparatus including the molds 
and press machine and a spring (spring constant K) corre 
sponding to the apparent elastic coefficient of the resin 
which successively changes during a compression process 
are serially connected to each other so as to form an elastic 
circuit as shown in FIG. 1. The true compression rate is 
determined from the following relational expressions: 

KoK 
Ko K 

(1) 
F= dX = Kid 

and from expression (1) 

KoK 
K+ K 

dx = x : -- = A1-- 

wherein 

d -- = U 
d 
-- = Ui 

accordingly 

(2) 
U = -K U 

whereindf is amount of change in compressive force, Kois 
elastic coefficient of the press apparatus, K is apparent 
elastic coefficient of the resin, dX is theoretical amount of 
change in compression distance, dX is true amount of 
change in compression distance, U is theoretical compres 
sion rate, and U is true compression rate. 
As shown in FIG. 2, the elastic coefficient of the apparatus 

(spring constant: Ko) is substantially constant regardless of 
time, whereas the apparent elastic coefficient of the resin 
(spring constant: K) exponentially increases over time. 

Based on the elastic circuit (spring model) in which the 
spring on the press machine side and the spring on the resin 
side are serially connected to each other as shown in FIG. 1, 
the spring constant of the spring on the resin side (apparent 
elastic coefficient of the resin: K) can be determined from 
the relationship (expression (1)) between the minute change 
dX in compression distance of the resin and the minute 
change dF in compressive force. Then, when the elastic 
coefficients Ko and K are substituted into the relationship 
(expression (2)) between the compression rate (U), which is 
theoretically determined from a hydraulic circuit character 
istic assuming that the press apparatus is a rigid body, and 
the true compression rate (U) imparted to the resin, the true 
compression rate (U) can be determined. Then, with thus 
determined U, simulation of flow behavior of the resin 
during a minute time Atis effected. As in the case of the prior 
art, a numerical analysis method such finite element method 
or boundary element method is utilized. The computation of 
the true compression rate (U) imparted to the resin indi 
cated here and the simulation of flow behavior upon com 
pression of the resin can be repeated for each period of time 
At. Accordingly, change in the compression rate imparted to 
the resin over time can be obtained more accurately than that 
in the conventional simulation method. Therefore, the 
results of analysis of flow behavior such as flow pattern, 
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6 
pressure distribution, and temperature distribution of the 
resin can be obtained with an accuracy much higher than that 
of the conventional simulation method. 

As a method of simulating flow behavior of a resin from 
the true compression rate, a method disclosed, for example, 
in A. I. Isayev, ed., injection and Compression Molding 
Fundamentals, (Marcel Dekker Inc. 1987), pp.481-565 can 
be used. This publication is incorporated herein as reference. 

In the following, a preferable embodiment of the present 
invention will be explained with reference to FIGS. 1 to 6. 

FIG. 3 shows a model of a press molding machine which 
is subjected to an embodiment concerning the simulation 
method of the present invention. Though a process simula 
tion for injection press molding is explained here, the press 
molding in the narrow sense can be treated in totally the 
same manner when the injection part of the injection press 
molding process is omitted. 

In the following simulation, molds of a parallel plate type 
shown in FIG. 3 are used. Accordingly, analysis of flow 
behavior upon compression of the resin is simplified with 
the following Stefan's expression: 

3Rich) F 
8. 

wherein F is compressive force (force required for 
compression). R is radius of the (disk-shaped) resin, u is 
viscosity of the resin, h is % of distance between the molds 
(press plates), and -h is /2 of compression rate. 

Stefan's expression is disclosed, for example, in R. B. 
Bird et al., Dynamics of Polymeric Liquids Vol. 1. (John 
Wiley & Sons, 1977), pp. 19-21, which is incorporated 
herein as reference. 

In FIG. 3, a male mold 22 is a fixed mold, whereas a 
female mold 21 is a movable mold. Initially, the female mold 
21 is placed above its depicted position, and a molten resin 
20 at a high temperature is injected into a cavity 23 in an 
unclosed state from a molten-resin injection path 24 con 
nected to a molten resin injection unit 25. After completion 
of the injection, a gate of the molten-resin injection path 24 
is closed, whereby the process shifts to a compression step. 
The compression is effected as the female mold 21 is pushed 
down by a press apparatus 26 connected thereto. The press 
apparatus 26 is driven by a hydraulic oil supplied from a 
hydraulic circuit 27. According to hydraulic circuit charac 
teristics (circuit configuration and set values in the circuit), 
the amount of the hydraulic oil supplied from the hydraulic 
circuit 27 changes upon time or compressive force. Then, the 
molds 21 and 22 are closed so as to press and shape (mold) 
the resin 20. 

F.G. 4 shows a summary of actual changes in compres 
sion rate and compressive force over time in a press-molding 
process. 
The female mold 21 initially moves downward with a rate 

corresponding to the hydraulic circuit characteristics. This 
state corresponds to region I (initial acceleration region in 
this example) in the following Table and a state in FIG. 2 
where the apparent elastic coefficient(spring constant) K of 
the resin is sufficiently smaller than the elastic coefficient 
(spring constant) Ko of the apparatus. 
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TABLE 

Change in State of Characteristics in Press Apparatus 

State of 
Region Explanation apparatus model 

I initial acceleration K CC Ko 
region (rate restricting 
region) 
acceleration reducing K Ko Ki > Ko 
region to rate reducing 
region 

I pressure restricting calculated 
region clamping force 

set clamping 
force 

(Note) The symbol "" means "has the order of magnitude of". 

Nevertheless. the flowable resin 20 exists within the 
cavity 23 between the male and female molds 22 and 21. 
Accordingly, the resin 20 receives a compressive force F 
from the male and female molds 22 and 21, whereas the 
male and female molds 22 and 21 receive a reaction force F 
accompanying the compression of the resin 20. As the cavity 
23 is narrower, i.e., the flowable resin 20 is further molded, 
the total flow resistance of the resin increases, whereby the 
force F becomes greater. This state corresponds to region II 
in FIG. 4 (acceleration reducing region to rate reducing 
region in this example) where the apparent elastic coefficient 
(spring constant) K of the resin nearly equals to or greater 
than the elastic coefficient (spring constant) K of the 
apparatus. 

Namely, assuming that the true compression rate imparted 
to the resin 20 during a period in which time passes from t 
to t+At is U, the minute change in the compression distance 
of the resin is AX (=UXAt). During this period, as the total 
flow resistance increases, the compressive force Fincreases 
by AF. 

Here, by allowing the hydraulic oil to escape therefrom 
after the compressive force Freaches a predetermined upper 
limit, the hydraulic circuit operates so as to prevent the 
compressive force F from rising above the upper limit. This 
operation corresponds to region III in FIG. 4. 

In the following, a preferable embodiment of the simu 
lation method in accordance with the present invention will 
be explained in further detail with reference to a flow chart 
shown in FIG.S. According to the flow chart shown in FIG. 
5, the simulation method in accordance with the present 
invention is performed by use of a computer in the following 
3. 

As shown in FIG. 5, initially after starting (501), charac 
teristics of a resin to be molded such as viscosity, specific 
heat, thermal conductivity, and density; data such as a 
characteristic (e.g., thermal conductivity) and form of 
molds; and a molding condition (e.g., resin temperature. 
mold temperature, amount of resin supplied, and position for 
starting compression) are input as initial conditions (502). 
Also, a hydraulic circuit characteristic, i.e., dependency of 
supply rate of mold-driving hydraulic oil upon time or 
compressive force, is input (502). Further, the elastic coef 
ficient (spring constant) Ko of the press apparatus is deter 
mined and input (502). Here, setting of the upper limit for 
the compressive force is included in the hydraulic circuit 
characteristic. 
The elastic coefficient of the press apparatus can be 

theoretically determined on the basis of characteristics of 
units of the apparatus. Further, the elastic coefficient may be 
determined by actual measurement. 
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8 
Then, an initial value of the compressive force (i.e., 

clamping force at the time of completion of injection) is set 
(503). Further, an initial value of time t is set as zero (503). 
Thereafter, assuming that t=At (first unit period), compres 
sion rate U of the resin at this time is set to compression rate 
U (U>0, here) which is theoretically determined from the 
hydraulic circuit characteristic (504). The foregoing steps 
(502) to (504) may be called step 1 hereinafter. 

Here, the theoretical compression rate can be determined 
from the characteristics of the hydraulic circuit (i.e. the 
operation characteristic of the hydraulic pump, the operation 
characteristic of the valve(s) in the hydraulic circuit, the 
structure of the hydraulic circuit, and the like). 

Then, assuming that the compression rate U is constant, 
flow behavior such as extension, temperature, or compres 
sive force of the resin is analyzed with respect to time At 
(505), whereby amount of change in compressive force (AF) 
and true amount of change in compression distance of the 
resin (AX=UxAt) are determined (506). Thereafter, time is 
increased by At (second unit period) (507). The foregoing 
steps (505) to (507) may be called step 2 hereinafter. 

Here, the flow behavior of the resin and the amount of 
change in compressive force can be determined, for 
example, according to the disclosure in A. I. Isayev, ed., 
Injection and Compression Molding Fundamentals, (Marcel 
Dekker Inc., 1987), pp.481-565, or the above-mentioned 
Stefan's expression. 

Subsequently, in a manner similar to that mentioned 
above, the theoretical compression rate U during At (second 
unit period) is determined from the characteristic of the 
hydraulic circuit (508). Then, from the above-mentioned AF 
and AX (according to K=AF/AX), apparent elastic coef 
ficient (spring constant) K of the resin is determined (509). 
Based on thus determined K and the compression rate U 
imparted to the resin theoretically determined from the 
hydraulic circuit characteristic, the true compression rate 
U=UxK/(Ko-K) is determined (509). Also, it is judged 
whether the U at this time is greater than zero or not (510). 
The foregoing steps (508) to (510) may be called step 3 
hereinafter. 
Then, when U is zero, since the compression rate 

imparted to the resin is zero, namely, it indicates that flowing 
of the resin is terminated, calculation is ended. When U is 
greater than Zero, steps 2 and 3 are repeated. 

In this manner, the true compression rates in the unit 
periods subsequent to the second unit period can be succes 
sively determined, and flow behavior of the resin can be 
sequentially analyzed on the basis of thus determined true 
compression rates. 

FIG. 6 compares the simulation results of the present 
invention with actually measured results. In this chart, 
continuous curves indicate results of actual measurement, 
whereas broken curves indicate results of simulation. Here, 
polypropylene (Sumitomo Noblen W501) is used as the 
resin. As shown in FIG. 6, in the embodiment of the present 
invention, the simulation results and the actually measured 
results are close to each other, thereby indicating that the 
compression rates and compressive force imparted to the 
resin are accurately simulated. As a result, analysis of flow 
behavior such as extension of the resin can approximate its 
actual state. Here, the actually measured result of compres 
sive force was obtained from the result of measurement of 
hydraulic pressure by a pressure sensor, whereas the actually 
measured result of compressive force was determined from 
an output obtained when a signal of a position sensor 
attached to the molds was differentiated by time. 
Though a preferable embodiment of the present invention 

is explained in the foregoing, it is needless to mention that 
the present invention should not be restricted thereto. 
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For example, in the step (509) mentioned above, the 
apparent elastic coefficient of the resin in the second unit 
period may be assumed (linear extrapolation) on the basis of 
the apparent elastic coefficient of the resin in the first unit 
period which is determined from the amount of change in 
compressive force and true amount of change in compres 
sion distance, and an apparent elastic coefficient of the resin 
in a previous unit period which had been determined before 
the first unit period. 

For example, though the analysis of flow behavior of resin 
is performed by use of Stefan's expression on the basis of a 
parallel plate type mold configuration, it is needless to 
mention that the gist of the present invention is applicable to 
a more complicated mold configuration. 

Here, such a more complicated mold configuration can be 
simulated, for example, according to the disclosure in A. I. 
Isayev, ed., Injection and Compression Molding 
Fundamentals, (Marcel Dekker Inc., 1987), pp.481-565 by 
the use of a method such as finite element method. 

In the following, so-called injection press molding, which 
is an example subjected to the simulation method of the 
present invention, will be explained. 

Currently, so-called injection press-molding method is 
widely used as a method of molding a resin taking respective 
advantages of injection molding and press molding (in the 
narrow sense). An example in which a palletplate is formed 
by an injection press-molding method will be explained with 
reference to FIGS. 7A to 7D. 

First, into a cavity which becomes a space where a pallet 
plate 2 as a molded article is formed, in a state where the 
female mold 21 and the male mold 22 are open as shown in 
FIG. 7A, a predetermined amount of a material resin 
(thermoplastic resin) 20 in a molten state is supplied into the 
cavity as shown in FIG. 7B. 
The female mold 21, which is a movable mold, is dis 

posed above the male mold 22. A specular surface portion 
(cavity face) of the male mold 22, which is a fixed mold, has 
protruded portions corresponding to forms of side plates 5 as 
well as ribs 11, and the like of the pallet plate 2 (see FIG. 
7D). Also, the male mold 22 is connected, by way of a 
molten-resin path 22a formed therewithin, to a molten-resin 
injection apparatus which is not depicted. 
From this injection apparatus, the material resin 20 is 

supplied into the cavity by way of the molten-resin path 22a. 
After the material resin 20 is supplied into the cavity, the 
molds 21 and 22 are closed together under a predetermined 
compressive force as shown in FIG.7C, thereby shaping the 
molten resin into a predetermined form. Thereafter, the 
molded article thus shaped is cooled, and the molds 21 and 
22 are opened, whereby the pallet plate 2 shown in FIG. 7D 
is taken out therefrom. Here, the molds 21 and 22 may be 
closed together while the material resin 20 is being supplied 
into their cavity. 

Examples of the above-mentioned thermoplastic resin 
include polyethylene resin, polypropylene resin, polyamide 
resin, polyethylene terephthalate resin, acrylonitrile 
butadiene-styrene (ABS) resin, polyvinyl chloride resin, and 
polycarbonate resin, though not to be restricted thereto. 
Also, modified products or mixtures of these thermoplastic 
resins, polymer alloys thereof, or the like may be used. 
Further, fillers may be compounded in these thermoplastic 
resins when necessary. Also, additives such as antioxidant, 
ultraviolet inhibitor, colorant, releasing agent, and low 
shrinking agent may be added thereto when necessary. 

Also, in the case of press molding (e.g., transfer molding) 
usable in the present invention, the flowable resin encom 
passes thermosetting resins as well as molding materials 
containing fillers such as glass fiber exemplified by BMC 
and SMC. 
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10 
In the following, for comparison, a simulation method 

other than that of the present invention and its results will be 
explained. 

FIG. 8 is a flow chart used for injection press-molding 
simulation which does not include a step of determining the 
true compression rate according to the present invention. As 
initial conditions, characteristics of a resin to be molded 
such as viscosity, specific heat, thermal conductivity, and 
density; data such as a characteristic (e.g., thermal 
conductivity) and form of molds; and a molding condition 
(e.g., resin temperature. mold temperature, amount of resin 
supplied, and position for starting compression) are input. 
Also, a theoretical value of compression rate imparted to the 
resin is input, and an initial value of compressive force (i.e., 
clamping force at the time of completion of injection) and an 
upper limit of compressive force Fare set. As an initial value 
for time t, zero is set. (These constitute step 1.) Then, 
assuming that t=At, under the condition where the compres 
sion rate is U (constant), flow behavior such as extension, 
temperature, or compressive force of the resin is analyzed 
with respect to time At. As the compressive force Fincreases 
as the resin is compressed, it is judged whether this force 
exceeds the predetermined upper limit or not. Initially at the 
starting of compression, the judgment yields "NO" since the 
compressive force is low. In this case, assuming that time 
t=t+At, flow behavior of the resin at the thickness of the resin 
after time. At (thickness obtained when the compression 
distance of the resin is subtracted from the initial thickness) 
is analyzed again with a constant compression rate. Thus, for 
each period of time At, i.e. based on the presupposition that 
the resin is compressed by the male and female molds 22 and 
21 with a constant rate, flow behavior of the resin at that time 
is analyzed. (These constitute step 2.) 
As explained above, as the compression of resin 

progresses, the compressive force Freaches the set value of 
the upper limit. At this time, the hydraulic circuit supplies a 
constant force F to the female mold. 

Accordingly, as a condition for simulation, the compres 
sion rate imparted to the resin at each time At is determined 
assuming that the compressive force F is constant, and flow 
behavior of the resin is analyzed. Then, it is judged whether 
the compression rate imparted to the resin is zero or not. 
When the compression rate imparted to the resin is zero, it 
means that the flowing of the resin is terminated. Since this 
point of time is the end of the flowing analysis of flow 
behavior in the compression process of the resin is ended 
here. (These constitute step 3). 

FIG. 9 compares the results of calculation by this com 
parative simulation method with the results of actual mea 
surement. Here, the molds shown in FIG. 3 were subjected 
to these calculations and measurement while polypropylene 
(Sumitomo Noblen W501) was used as the resin. As shown 
in FIG. 9, the compression rate acutely decreases near 0.1 
second in this conventional simulation method. 

It is due to the fact that, since calculation is made 
assuming that the compression rate is constant, the com 
pressive force of the resin rapidly reaches the initially set 
upper limit of compressive force. Accordingly, at 0.1 second 
or later, the compressive force is in a constant state. By 
contrast, in the actually measured values, as indicated by 
continuous curves in the chart, the compressive force gradu 
ally increases, while the compression rate moderately 
ascends and then moderately descends. Thus, the compres 
sion rate and compressive force determined according to the 
above-mentioned comparative simulation method were 
quite different from their actual values. 
As explained in the foregoing, in the method of simulating 

resin behavior in press molding in accordance with the 
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present invention, since apparatus characteristics of the 
press molding apparatus are under consideration, while 
characteristics of the resin are taken into account, changes in 
the compression rate and compressive force imparted to the 
resin over time can be simulated with a high accuracy. Also, 
as analysis of flow behavior of the resin and computation of 
compression rate or the like are repeated with a high 
accuracy each time a minute time period has passed, flow 
behavior of the resin within molds at the time of press 
molding (injection press molding in particular) can be 
accurately simulated. For example, accurate simulation of 
resin pressure and resin temperature distribution at the time 
of resin association in a multipoint gate mold as well as 
accurate simulation of required compressive force or the like 
can be made. Accordingly, when the present invention is 
utilized, mold configuration, molding condition, molding 
material, or the like in press molding (injection press mold 
ing in particular) can be evaluated with a high accuracy. 
From the invention thus described it will be obvious that 

the invention may be varied in many ways. Such variations 
are not to be regarded as a departure from the spirit and 
scope of the invention, and all such modifications as would 
be obvious to one skilled in the art are intended to be 
included within the scope of the following claims. 
What is claimed is: 
1. A method of simulating flow behavior of a resin in a 

process for press-molding the resin by use of a press 
molding machine comprising a press apparatus equipped 
with a hydraulic circuit, and first and second molds at least 
one of which is connected to said press apparatus, said 
method comprising: 

a step of determining, from a characteristic of said 
hydraulic circuit, an elastic coefficient of said press 
apparatus. and an apparent elastic coefficient of said 
resin, a true compression rate imparted to said resin by 
said press apparatus; and 

a step of analyzing, based on said true compression rate, 
flow behavior of said resin. 

2. A method according to claim 1, wherein said true 
compression rate imparted to said resin by said press appa 
ratus is determined from a theoretical compression rate 
determined from a characteristic of said hydraulic circuit 
assuming that at least said press apparatus is a rigid body, an 
elastic coefficient of said press apparatus and an apparent 
elastic coefficient of said resin, according to the following 
expression (1): 

KoK 
dF=-ki- dx= Kd 

wherein dif is amount of change in compressive force, Ko is 
elastic coefficient of the press apparatus, K is apparent 
elastic coefficient of the resin, dX is theoretical amount of 
change in compression distance and dX is true amount of 
change in compression distance, and the following expres 
sion (2): 

(1) 

U.---- U 1 = K, K. 
wherein Ko is elastic coefficient of the press apparatus, K is 
apparent elastic coefficient of the resin, U is theoretical 
compression rate and U is true compression rate. 

3. A method according to claim 1, wherein said step of 
determining the true compression rate comprises: 

a step (a) of determining an elastic coefficient of said press 
apparatus; 

a step (b) of determining from the characteristic of said 
hydraulic circuit, a theoretical compression rate in a 

(2) 
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first unit period and assuming thus determined theo 
retical compression rate to be a true compression rate in 
the first unit period; 

a step (c) of determining an amount of change in com 
pressive force and a true amount of change in com 
pression distance in the first unit period assuming that 
the true compression rate is constant, 

a step (d) of determining, from the characteristic of said 
hydraulic circuit, a theoretical compression rate in a 
second unit period subsequent to said first unit period; 

a step (e) of determining, from said amount of change in 
compressive force and true amount of change in com 
pression distance, an apparent elastic coefficient of said 
resin and assuming thus determined apparent elastic 
coefficient of said resin to be an apparent elastic coef 
ficient of the resin in the second unit period; 

a step (f) of determining, from said elastic coefficient of 
the press apparatus, said apparent elastic coefficient of 
the resin in the second unit period, and said theoretical 
compression rate in the second unit period, a true 
compression rate in the second unit period; and 

wherein said step of analyzing the flow behavior com 
prises a step (g) of analyzing, based on said true 
compression rate, flow behavior of the resin in said unit 
periods. 

4. A method according to claim 3, wherein said method 
comprises a further step (h) of judging whether the true 
compression rate determined in said step (f) is more than 
Zero or not 

wherein when the true compression rate is judged to be 
more than Zero said steps (c) to (f) are repeated so as to 
successively determine true compression rates in unit 
periods subsequent to said second unit period. 

5. A method according to claim 3, wherein said method 
comprises a further step (h) of judging whether the true 
compression rate determined in said step (f) is more than 
Zero or not, 

wherein, when the true compression rate is judged to be 
more than Zero, said steps (c) to (g) are repeated so as 
to successively determine true compression rates in unit 
periods subsequent to said second unit period and, 
based on thus determined true compression rates, flow 
behavior of the resin is sequentially analyzed. 

6. A method according to claim 3, wherein, in said step 
(e), the apparent elastic coefficient of the resin in the first 
unit period is determined from said amount of change in 
compressive force and true amount of change in compres 
sion distance, and then an apparent elastic coefficient of the 
resin in the second unit period is assumed on the basis of said 
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apparent elastic coefficient of the resin in the first unit period 
and an apparent elastic coefficient of the resin in a previous 
unit period. 

7. A method according to claim 3, wherein, in said step 
(e), the apparent elastic coefficient of said resin is deter 
mined according to the following expression (1): 

KoK1 
dF=-K- dX = AdX. 

wherein dif is amount of change in compressive force, Ko is 
elastic coefficient of the press apparatus, K is apparent 
elastic coefficient of the resin, dX is theoretical amount of 
change in compression distance, and dX is true amount of 
change in compression distance. 

8. Amethod according to claim3, wherein, in said step (f), 
said true compression rate is determined according to the 
following expression (2): 

(1) 
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wherein F is compressive force. R is radius of the resin, u is 
- U (2) viscosity of the resin, his /2 of distance between the molds, 

K+ K. and -h is 4 of compression rate; and said true amount of 
wherein K is elastic coefficient of the press apparatus, K is change in compression rate is determined according to the 
apparent elastic coefficient of the resin, U is theoretical following expression (4): 
compression rate, and U is true compression rate. 

9. A method according to claim 3, wherein, in said step discuxdt (4) 
(c), said amount of change in compressive force is deter 
mined according to the following expression (3): wherein dx is true amount of change in compression 

=- TLR(-h) (3) distance, U is true compression rate, and dt is unit period. 
F 


